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Disclosed are multivesicular liposomes (MVLs) containing IGF-I with substantially full bioavailability, wherein the loading of the 
IGF-I into the liposomes is modulated by adjusting the osmolarity of the aqueous component into which the agents are dissolved prior 
to encapsulation. In the making of MVLs, the process involves dissolving the IGF-I, an osmolarity excipient, and a pH modifying agent 
sufficient to solubilize the IGF-I in a first aqueous component used during manufacture of the MVLs. To increase the loading of the 
IGF-I, the osmolarity of the aqueous component used during manufacture of the MVLs is reduced, whereas the osmolarity of the aqueous 
component is increased to obtain the low load formulations. The rate of release of the active agent into the surrounding environment in 
which the liposomes are introduced can be simultaneously controlled by incorporating into the lipid component used in the formulation at 
least one long chain amphipathic lipid. Use of the long chain amphipathic lipid in the lipid component is particularly helpful in controlling 
the release rate from high drug load formulations. 
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HIGH AND LOW LOAD FORMULATIONS OF IGF-I 
IN MULTIVESICULAR LIPOSOMES 

BACKGROUND OF THE INVENTION 

L Field of the Invention 

5 The present invention relates to slow release vehicles for delivering a biologically active 
agent. More particularly, the present invention relates to multivesicular liposomes 
containing IGF-L 

2. Description of Related Art 

Proteins which are cleared rapidly from the circulation after intravenous or subcutaneous 
10 injections need to be administered repeatedly in order to maintain therapeutic blood 
levels. One of the proteins that needs frequent administration for therapeutic benefit is 
Insulin-like Growth Factor I (IGF-I). Mature, circulating IGF-I, a 7.65kD protein, 
consists of B and A domains (homologous to the B and A chains of insulin). Unlike 
insulin, the B and A domains of the IGFs are connected by a C peptide, and contain an 
1 5 eight-amino-acid extension at the C -terminus, termed the D domain. 

Native IGF-I contains three disulfide bonds involving the following residues: CysB6- 
CysB7, CysA6-CysAll, and CysB18-CysA20. Under reducing conditions, these 
disulfide bonds are broken and can become "scrambled" during oxidative refolding in 
denaturant solutions to yield two alternative disulfide isomers with distinct tertiary 
20 structures (L. 0. Narhi et al. Biochemistry 32/5214-5221, 1993). 

IGF-I is known to have multiple biological activities. Those with therapeutic potential 
are its activity in reversing catabolism in states of starvation, severe illness, or injury, in 
enhancing wound healing and nerve regeneration, and in reducing insulin resistance in 
diabetics. IGF-I is also known to generally stimulate the growth and maintenance of 
25 nervous tissue, increase glucose uptake of cells, and stimulate renal function. Chronic 
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malnutrition and poorly controlled diabetes in the young are associated with lower 
circulating IGF-I levels and growth retardation. 

Optimal treatment with IGF-I may require that the drug level be maintained at a specified 
5 level for a prolonged period of time. For example, optimal treatment of insulin 
dependency in diabetics may require maintenance of a relatively high level of IGF-I for 
a period of several days. 

For certain other therapeutic usages, for example treatment of malnutrition or 
osteoporosis, a low level of IGF-I released over a period of several days would be 
10 beneficial. 

One approach which has been used to provide controlled release compositions for drug 
delivery is liposome encapsulation. Among the main types of liposomes, multivesicular 
liposomes (Kim, et al y Biochim. Biophys. Acta; 728 :339-348, 1983), are uniquely 
different from unilamellar liposomes (Huang, Biochemistry; 8:334-352, 1969; Kim, et 

15 al, Biochim. Biophys. Acta; 646:1-10, 1981), multilamellar liposomes (Bangham, et al. 9 
J. Mol Bio., 13:238-252, 1965), and stable plurilamellar liposomes (U.S. Patent No. 
4,522,803). In contrast to unilamellar liposomes, multivesicular liposomes contain 
multiple aqueous chambers. In contrast to multilamellar liposomes, the multiple aqueous 
chambers of multivesicular liposomes are non-concentric with membrane distributed as 

20 a network throughout. 

In multivesicular liposomes the encapsulation efficiency of some small molecules, such 
as cytosine arabinoside, is relatively low, and the release rate of encapsulated molecules 
in biological fluids is faster than is therapeutically desirable unless the osmolality of the 
first aqueous component is adjusted to control the rate of release. EP 0 280 503 Bl 
25 discloses coencapsulation of a hydrochloride such as hydrochloric acid, with an active 
agent to control the rate of release of the active agent. Further research, disclosed in WO 
95/13796, has shown that the release rate of agents from multivesicular liposomes in 
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human plasma can also be controlled by introduction of a non-hydrochloride acid into 
the aqueous solution in which the agent is dissolved prior to forming the multivesicular 
liposome. It is also known (WO 96/08253) to control the rate of release of active agents 
by introducing other types of solutes called "osmotic spacers" into the aqueous solution 
5 in which the active agent is dissolved prior to formation of the multivesicular liposomes. 

In addition to the biologically active agent and acids or osmotic spacers intended to 
control the rate of release of the biologically active agent from the liposomes, it is 
common practice to coencapsulate with the active agent compounds that are intended 
to serve any of a number of helper functions. For instance, certain biologically active 
10 compounds retain activity only when kept at a particular pH. Thus acids or buffers are 
often necessarily encapsulated in addition to the active agent to control the pH of the 
drug environment. In other cases, a counterion is incorporated to enhance solubility of 
a biologically active agent that has low solubility. 

Thus the need exists for new high load and low load slow release formulations of IGF-I 
15 having the bioactivity of free drug in a vehicle suitable as a slow release drug depot. 
Since IGF-I is an expensive drug, whether purified from biological samples or produced 
recombinantly, a need also exists to achieve these goals while keeping the encapsulation 
efficiency as high as possible to avoid waste of the expensive active agents. 
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SUMMARY OF THE INVENTION 

The present invention provides a method for obtaining high loading and low loading 
formulations of IGF-I in multivesicular liposomes (MVLs) in an aqueous suspending 
medium and MVL formulations containing them. The low loading formulations are 
5 obtained by utilizing during manufacture a first aqueous component comprising a 
concentration of dissolved IGF-I from about 1 mg/mL to about 33 mg/mL, for example, 
about 5 mg/mL to about 20 mg/mL. The first aqueous component used in making the 
low loading formulations further can contain one or more osmotic excipients, such as 
sucrose, and sufficient of one or more pH adjusting agent, such as ammonium citrate 
1 0 dibasic, to maintain the pH in the range from about 1 to about 5. 

The high loading formulations generally are obtained by utilizing during manufacture a 
first aqueous component containing a concentration of dissolved IGF-I from about 40 
mg/mL to about 300 mg/mL, for example from about 100 mg/mL to about 160 mg/mL. 
The first aqueous component in the high load formulation further contain an acid, such 
15 as citric acid, sufficient to maintain the pH in the range from about 2 to about 4,8, and 
an osmotic excipient, such as sucrose. 

Both the high load and low load formulations can be further diluted by addition of 
suspending medium or other biologically acceptable carrier to obtain injectable or 
implantable slow release depot formulations of any therapeutically effective total dosage. 

20 Methods for making MVLs are well known in the art and are described in U.S. Patent 
Nos. 5,455,044, 5,576,018, and in copending U.S. Patent Application Serial Nos. 
08/305,158, filed 4/13/94; 08/473,019, filed 6/06/95; 08/473,013, filed 6/06/95 and 
08/502,569, filed 7/14/95. all of which are incorporated herein by reference in their 
entireties. The general procedure for making multivesicular liposomes imparts to them 

25 their characteristic properties, including the properties of modulated release of 
encapsulated biologically active substances. In this method, a n water-in-oir emulsion 
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containing the biologically active substance to be encapsulated is first made by 
dissolving at least one arnphipathic lipid and at least one neutral lipid in a volatile 
organic solvent for the lipid component, adding to the lipid component an immiscible 
first aqueous component and emulsifying the mixture. A hydrochloride or non- 
5 hydrochloride acid can be added to either or both of the first aqueous component and the 
lipid component to control release of the active agent from the MVLs. In this general 
method, the biologically active substance to be encapsulated can be contained in the first 
aqueous component or in the lipid component, or both. 

The entire water-jn-oi! emulsion is then mixed with the second aqueous component, and 
10 agitated mechanically, as above, to form solvent spherules suspended in the second 
aqueous component. The solvent spherules contain multiple aqueous droplets with the 
substance to be encapsulated dissolved therein. In the final step, the volatile organic 
solvent is removed from the spherules, for instance by evaporation. When the solvent is 
completely removed, multivesicular liposomes are formed. Representative gases 
15 satisfactory for use in evaporating the solvent include nitrogen, helium, argon, oxygen, 
hydrogen and carbon dioxide. Alternatively, the organic solvent can be removed by 
sparging, rotary evaporation, or solvent selective membranes. The multivesicular 
liposome particles are then suspended in an aqueous medium for storage and use. 

In the present invention, this general procedure is modified in certain key instances to 
20 obtain the high load and low load MVL formulations of IGF-I. In particular, the 
composition of the first aqueous component is modulated to control loading of the IGF-I 
in the final product. Further, the IGF-I is dissolved in the first aqueous component, 
rather than being dissolved in the lipid component, and, of greater importance, the 
osmolality of the aqueous component into which the active agent is dissolved for 
25 encapsulation is adjusted to control loading of the biologically active agent, therein. 

An inverse relation between osmolality and drug loading has been discovered, with the 
loading of IGF-I increasing as the osmolality of the aqueous component used during 
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manufacture of MVLs decreases and vice versa. Thus, the key parameter that is 
manipulated in making MVLs with either high or low loading of IGF-I is the osmolality 
of the drug-containing first aqueous solution used during the process of manufacture. In 
the present invention, the osmolality of the aqueous solution is adjusted by dissolving an 
5 osmotic excipient, such as sucrose or glycylglycine, therein, with a higher concentration 
of osmotic excipient leading to a lower loading of the active agent, and vice versa. When 
sucrose is used as an osmotic excipient, for the low load formulations, the concentration 
of sucrose in the first aqueous component during manufacture is about 5 to about 7 
percent on a weight by volume basis (%w/v), while for the high load formulations, the 
1 0 concentration of sucrose is in the range from zero to about 2.5 percent on a weight by 
volume basis. 

Applicants have also discovered a second parameter that must be taken into consideration 
in determining the composition of the first aqueous component during manufacture of 
the IGF J formulations of this invention. The concentration of IGF-I in solution in the 

15 first aqueous component during manufacture is directly proportional to the amount of 
IGF-I that can be loaded in any given formulation. However, the solubility of IGF-I in 
aqueous solution drops precipitously at a pH of about 5. Figure 1 shows the solubility 
of about 120 mg/mL concentration of IGF-I in 20 mM ammonium citrate in 5 weight by 
volume percent sucrose in the pH range from 4.5 to 5.5. Further studies have shown that 

20 up to about 300 mg/mL of IGF-I can be solubilized at a pH below 5. Thus, to obtain and 
maintain sufficient IGF-I in solution in the first aqueous solution, a buffer or acid is also 
added to it during manufacture to assure a high enough concentration of dissolved IGF-I 
in the first aqueous component to obtain a final MVL product containing the desired 
loading of the drug. For the low load formulations, the pH of the first aqueous 

25 component is generally adjusted to a value within the range of 1 to about 5, while for 
high load formulations the pH range is between 2 and 4.8. 
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Since all solutes in the first aqueous solution, including the buffer, or other pH adjusting 
agent, contribute to its osmolality, the amount of the osmotic excipient and pH adjusting 
agent must be balanced to maintain solubility of the drug in the final product while 
allowing for loading of the desired concentration of the drug. As one skilled in the art 
5 will appreciate, some portion of the osmotic excipients, including the buffer will pass 
through the permeable vesicle membranes, so the osmolarity of aqueous component in 
the final product is not generally the same as the osmolarity of the first aqueous 
component used at the time of manufacture. 

In one embodiment of the invention, low load IGF4 MVL formulations are obtained by 
10 using a first aqueous component that contains from about 9 mg/mL to about 16 mg/mL 
of IGF-I, 3 to 7 % w/v of sucrose as osmotic excipient, and 20mM ammonium citrate 
dibasic pH 4.5-5.5 as a buffer to maintain the pH of the aqueous component in the range 
necessary to assure that the IGF-I will remain in solution, but without risk of denaturing 
the protein. The corresponding osmolarity of the first aqueous component is in the range 
1 5 from about 1 30 to about 290 mOsm. In another embodiment, in the pH range from about 
1 to about 5, when the concentration of IGF-I is in the range from about 1 mg/mL to 
about 33 mg/mL, the first aqueous component contains sufficient of an osmotic excipient 
to bring its osmolarity within the range from about 160 mOsm to about 320 mOsm. In 
all cases the lower end of the osmolarity range corresponds to the upper end of the drug 
20 concentration range. 

The high load MVL formulations of IGF-I are obtained by using a first aqueous 
component during manufacture that comprises from about 40 to about 300 mg/mL, for 
example, about 20 to about 80 mg/mL of IGF-I, sufficient of a pH adjusting agent to 
keep the pH in the range from about 2 to about 4.8, and sufficient of an osmotic excipient 
25 to bring the osmolarity within the range from about 5 to about 1 50 mOsm, with the lower 
end of the osmolarity range corresponding to the higher end of the drug concentration 
range. In one embodiment, the osmotic excipient is from zero to about 2.5 weight by 
volume percent of sucrose and 25 mM citric acid is used as the pH adjusting agent. 
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To maintain a high encapsulation efficiency (or percent yield) during formulation of the 
MVLs and ensure that release of the active agent in use is at a slow therapeutically 
effective rate, the lipid component contains one or more amphipathic lipid having from 
about 13 to about 28, for example, about 18 to 22 carbons in its carbon chain. 

5 In another embodiment, a high load multivesicular liposome formulation containing from 
about 50 mg/mL to about 80 mg/mL of IGF-I is provided. The formulation comprises 
an aqueous suspension of a multivesicular liposome comprising IGF-I in an aqueous 
component, an amphipathic lipid containing from about 18 to 22 carbons in the carbon 
chain; and a neutral lipid lacking a hydrophilic head group. The formulation can contain 

10 less than 2 percent of the IGF-I in the aqueous suspension on a weight by volume basis. 

Pharmaceutical compositions are also provided which comprise a multivesicular 
liposome made by the method of this invention, wherein the suspending medium further 
comprises a physiologically acceptable carrier, and the total amount of the IGF-I in the 
composition is a therapeutically effective dosage. 
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Brief Description of the Drawings 

FIGURE 1 is a graph showing the solubility of IGF-I (mg/mL) as a function of pH at 
4°C (■) and room temperature (•). Solubility of IGF-I corresponding to the target bulk 
formulation is also indicated (▲). 

5 FIGURE 2 is a graph showing the percent of IGF-I retained in high load MVLs incubated 
in vitro in plasma at 37° C over 7 days (rate of release). Various concentrations of IGF-I 
and an osmotic excipient were used in the first aqueous component used during 
manufacture to control drug loading. 0 = 80 mg/mL IGF-I in 25 mM citric acid, and 2.5 
w/v% sucrose (113.5 mOsm); V = 80 mg/mL IGF-I in 25 mm citric acid, 1 w/v% 
10 glycylglycine (1 13.5 mOsm); + = 50 mg/mL IGF-I in 25 mm citric acid, 1 w/v% sucrose 
(63.5 mOsm). Error bars represent standard deviation. 

FIGURE 3 is a graph showing the IGF-I concentration in serum (ng/mL) over 8 days in 
male rats after a 10 mg subcutaneous injection of MVLs made with 80 mg/mL IGF-I, 25 
mM citric acid, and 2.5 w/v% sucrose (1 13.5 mOsm) in the first aqueous component. 
1 5 The data represent the mean of three rats. 

FIGURE 4 is a graph showing the bioactivity in international units (IU) of IGF-I 
extracted from 10 batches of low load MVL formulations containing the IGF-I in a 
concentration of about 5 mg/mL of formulation made according to the method of the 
invention. The bioactivity is measured using a cell culture mitogenic assay with a 
20 standard rhIGF-I control having an activity of - 1 .3 x 1 0 3 international units (IU)/mL. 

FIGURE 5 is a graph showing the in vitro release profile in human plasma over 7 days 
of IGF-I encapsulated as a low load formulation (5 mg/mL) in MVL. The ordinate 
shows the percent of IGF-I retained in the particle fraction, and the abscissa shows the 
days of incubation in plasma at 37 °C. 
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FIGURE 6 is a graph showing the in vivo release in serum obtained after subcutaneous 
injection in rats of IGF-I encapsulated as a low load formulation in MVL. The graph also 
shows the serum level resulting from an equal dose of free IGF-I. The ordinate shows 
the concentration of IGF-I in serum (ng/ml) and the abscissa shows the days post 
5 injection. -•- = IGF-I in MVL, dose of 20 mg/kg; -A- = free IGF-I, dose of 20 mg/kg. 
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DESCRIPTION OF PREFERRED EMBODIMENTS 

It has been discovered that modulation of IGF-I loading in multivesicular liposomes 
(MVLs), particularly to achieve high drug loading, can be accomplished without sacrifice 
of either high encapsulation efficiency in the method of manufacture or desirable 
5 controlled release of drug from the final product in use. Drug loading in MVLs is 
modulated by controlling the osmolality of the first aqueous component used during 
manufacture of the MVLs. Osmolality is the sum of the molar concentrations of solutes 
present in an aqueous solution. If the solute is present in a dissociated, ionized or 
aggregated form, osmolarity is defined as the sum of the molar concentrations of the 

1 0 dissociated, ionized or aggregated forms. The solutes that contribute to the osmolarity 
of an aqueous solution include the IGF-I, and osmotic excipients that are to be 
encapsulated during manufacture of MVLs. The contribution to the osmolarity of a 
solution made by any solute in the solution is approximately equivalent to the weight 
concentration of the solute in the solution (e.g., mg/mL) divided by its molecular weight. 

15 Thus, as a general principle, for a given weight concentration, the larger the molecular 
weight of a solute, the smaller the osmolarity of the solute, and the smaller the 
contribution of that solute to the overall osmolarity of the solution. It is also possible to 
reduce the osmolarity of the first aqueous component by reducing the concentration of 
the active agent. This method will lead to a lower loading of IGF-I if the concentration 

20 of other solutes in the first aqueous component remain constant. 

Drug loading is the concentration of drug per unit of encapsulated volume of liposomes. 
An inverse correlation has been discovered between the osmolarity of the first aqueous 
solution used in manufacture of MVL, and the amount of IGF-I that can be loaded into 
the vesicles. Therefore, solutes other than IGF-I present in the first aqueous solution 
25 used during manufacture of the liposomes tend to reduce the amount of IGF-I that can 
be loaded into the liposomes. To accommodate this discovery, in the present invention 
the beneficial effects of the helper osmotic excipients, such as the buffer used to maintain 
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solubility of the IGF-I during manufacture and in the product MVLs, must be balanced 
against the adverse effect upon drug loading attributable to the osmotic excipients. This 
problem is particularly acute in making of high loading formulations. 

In the Examples herein, the inverse effect of osmolality on drug loading (Le. drug 
5 encapsulation per unit of encapsulated volume) and the method of modulating drug 
loading by adjusting the osmolality of the drug-containing aqueous solution before 
encapsulation has been illustrated in both high load and low load MVL formulations of 
IGF-L The results of these studies show that MVL formulations can be produced having 
a broad range of loading of IGF-I. 

10 In manufacture of multivesicular liposomes having controlled loading of IGF-I, 
osmolality of the first aqueous solution is adjusted to obtain a therapeutically effective 
level of drug loading for an intended use as follows. A lipid component containing at 
least one amphipathic lipid and one neutral lipid dissolved in one or more organic 
solvents is mixed with an immiscible first aqueous component. The first aqueous 

1 5 component contains the IGF-I, an optional osmotic excipient, and a pH adjusting amount 
of an acid or buffer. In one embodiment, in the high load formulations, the buffer is 
citric acid, generally 25 mM citric acid, while in the low load formulations the buffer is 
ammonium citrate dibasic, generally, 20mM ammonium citrate dibasic, adjusted to 
about pH 5 with citric acid. The loading of the active agent in the final formulation 

20 depends upon the concentration of dissolved drug as well as the overall osmolality of this 
first aqueous component, which is the sum of the osmolality contributed by each of the 
solutes dissolved in the first aqueous component, including the IGF-I, the osmotic 
excipient, and the pH adjusting agent. 

Once the osmolarity of the first aqueous component has been adjusted to achieve the 
25 desired loading of the active agent in the final product, a water-in-oil emulsion is formed 
by mixing of the two immiscible components. The water-in-oil emulsion is then mixed 
into a second immiscible aqueous component to form solvent spherules. The organic 
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solvent is finally removed from the solvent spherules, for example by evaporation, to 
cause them to aggregate into MVLs. In the final step of the process, the MVLs are 
suspended in an aqueous medium, such as normal saline. The overall amount of active 
agent in the formulation on a weight by volume of formulation basis can be adjusted to 
5 any desired level by increasing or decreasing the volume of the medium in which the 
MVLs are suspended. 

There are at least three types of liposomes. The term "multivesicular liposomes (MVL)" 
as used throughout the specification and claims means man-made, microscopic lipid 
vesicles comprising lipid membranes enclosing multiple non-concentric aqueous 
10 chambers with membranes distributed as a network throughout. (See Kim et ai t 
Biochem. Biophys. Acta, 728:339-348, 1983). 

The term "solvent spherule" as used throughout the specification and claims means a 
microscopic spheroid droplet of organic solvent, within which are multiple smaller 
droplets of aqueous solution. The solvent spherules are suspended and totally immersed 
15 in a second aqueous solution. 

The term "neutral lipid" means an oil or fat that has no membrane-forming capability by 
itself and lacks a hydrophilic "head" group. 

The term "amphipathic lipid" means a molecule that has a hydrophilic "head" group and 
hydrophobic "tail" group and has membrane-forming capability. 

20 The term "zwitterionic lipid" means an amphipathic lipid with a net charge of zero at pH 
7.4. 

The term "anionic lipid" means an amphipathic lipid with a net negative charge at pH 
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The term "cationic lipid" means an amphipathic lipid with a net positive charge at pH 
7.4. 

For making multivesicular liposomes, it is required that at least one amphipathic lipid 
and one neutral lipid be included in the lipid component. The amphipathic lipids can be 

5 zwitterionic, anionic, or cationic lipids. Examples of zwitterionic amphipathic lipids are 
phosphatidylcholines, phosphatidylethanolamines, sphingomyelins etc. Examples of 
anionic amphipathic lipids are phosphatidylglycerols, phosphatidylserines, 
phosphatidylinositols, phosphatidic acids, etc. Examples of cationic amphipathic lipids 
are diacyl trimethylammoniumpropane and ethyl phosphatidylcholine. Examples of 

10 neutral lipids include diglycerides, such as diolein, dipalmitolein, and mixed caprylin- 
caprin diglycerides; triglycerides, such as triolein, tripalmitoiein, trilinolein, tricaprylin, 
and trilaurin; vegetable oils, such as soybean oil; squalene; tocopherol; and combinations 
thereof. Additionally, cholesterol or plant sterols can be used in making multivesicular 
liposomes. 

1 5 As used herein, the term "biologically active," when used to describe IGF-I or any other 
agent present in the chambers of the multivesicular liposome, includes agents which 
possess biological activity targeted in treatment of a particular disease state, either in the 
form released from the MVL vesicles, or in a form that becomes active after release from 
the vesicle chamber, such as a pro-drug that is converted upon interaction with an 

20 enzyme into an active moiety with therapeutic activity. 

The term "osmotic excipient" means any biologically compatible solute molecule, in an 
aqueous solution, that is not the biologically active agent. Both electrolytes and non- 
electrolytes function as osmotic excipients. In determining whether any particular 
molecule will function as an osmotic excipient or in determining the concentration of 
25 osmotic excipient encapsulated within a multivesicular liposome, consideration must be 
given to whether, under conditions within the multivesicular liposome (for example, pH), 
the molecule is wholly or partially ionized and whether such ions will permeate the lipid 
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membrane (The Bimolecular Lipid Bilayer Membrane, Mahendra K. Jain, van Nostrand 
Reinhold Co., 1972, 470 pp.). One skilled in the art will appreciate that for use in the 
present invention, the osmotic excipient must be selected so as to avoid agents that would 
prove toxic or otherwise harmful to a subject undergoing therapy by use of the MVL of 
5 this invention. Those of skill in the art can readily evaluate the suitability of a given 
osmotic excipient for use in the present invention without resort to undue experimenta- 
tion. 

Certain osmotic excipients have inherent biological activity, and many facilitate the 
biological activity of the biologically active agent. For instance, calcium ions may be 

1 0 coencapsulated as a counterion to increase shelf life or facilitate bioactivity of a drug, but 
are not sufficient to accomplishing the therapeutic or other utility of the MVL 
formulation. In addition, various stabilizers may also be present Certain agents 
commonly classified as excipients may actually possess direct biological activity from 
very slight to quite significant. For example, the common excipient mannitol can also 

1 5 act biologically as a diuretic, Even water may act biologically to cure dehydration, but 
when these compounds are used as osmotic excipients, they are relatively interchange- 
able with others that perform the same helper function. 

Useful osmotic excipients include, but are not limited to, glucose, sucrose, trehalose, 
succinate, cyclodextrin, arginine, galactose, mannose, maltose, mannitol, glycine, lysine, 
20 citrate, sorbitol, dextran, and suitable combinations thereof, may be used to form 
multivesicular liposomes and to modulate the drug loading of the encapsulated agent 
from multivesicular liposomes. Table 1 below compares the osmolality of sucrose and 
glycylglycine solutions at different concentrations. 
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Table 1 



Sucrose or Glycylglycine 
(w/v%) 


Osmolality for sucrose 
(mOsm) 


Osmolarity for 
Glycylglycine (mOsm) 


0.5 


15 


38 


1.0 


30 


76 


1.5 


45 


114 


2.0 


60 


152 


2.5 


76 


189 


3.0 


91 


22-7 


4.0 


123 


303 


5.0 


156 


379 


6.0 


190 


455 


7.0 


225 


530 


8.0 


261 


606 



1 5 1 Sucrose data are from Handbook of Physics and Chemistry, 67th Edition 
2 Glycylglycine data are calculated based on the molar concentration 

Useful pH modifying agents include, but are not limited to the organic acids such as 
citric, tartaric, maleic, gluconic, glucuronic, and succinic acids, and phosphoric acid. 

As used herein the term 'therapeutically effective amount or level" means the amount 
20 of a biologically active agent necessary to induce a desired pharmacological effect. The 
amount can vary greatly according to the effectiveness of a particular active agent, the 
age, weight, and response of the individual host as well as the nature and severity of the 
host's symptoms. Accordingly, there is no upper or lower critical limitation upon the 
amount of the active agent. The therapeutically effective amount to be employed in the 
25 present invention can readily be determined by those skilled in the art. 
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As used herein, "drug loading" means, in a general quantitative sense, the amount of 
the biologically active agent loaded into the product MVL suspension as compared with 
similar formulations. It is a measure, therefore, of the amount of active agent available 
in a unit volume of MVL formulation to be delivered to the patient during use. More 
5 particularly, "drug loading" means the ratio of drug per unit volume of liposome 
suspension to the percent encapsulated volume in the liposomes themselves. It is 
approximately equal to the concentration of the active agent in the MVL suspension 
divided by the lipocrit of the suspension, for low percent fiee drug. 

Drug Loading = (Drug Encapsulated Per Unit. Volume -of Liposome Suspension)/ 
1 0 ( Percent encapsulated volume in Liposomes) 

= (Drug Concentration of Liposome Suspension)/Lipocrit 

As used herein, "percent encapsulation of drug, or other compound" means the ratio of 
the amount of compound to be encapsulated in the final suspension of the liposome 
1 5 manufacturing process to the total amount of compound to be encapsulated used in the 
first aqueous solution of the process multiplied by 100. 

Percent encapsulation = ,f Amt. of compound encapsulated ] , 
of compound \ |Amt of compound introduced J / X 100 

prior to encapsulation 

20 As used herein, "lipocrit," which is defined in analogy to hematocrit, means the ratio of 
the volume occupied by the liposomes to the total suspension volume multiplied by 100. 



Lipocrit = 
(in percent) 



TVolume occupied by the liposomes 1 
{Total volume of liposome suspension ]/ X 100 
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As used herein, "percent free drug" means the ratio of the amount of drug exterior to the 
liposomes in the final liposome suspension to the total amount of drug in the final 
suspension (the final product) multiplied by 100. 

Percent = / [Amt. of drug exterior to the liposomes in the final product! 



The methods for determining these parameters are illustrated in Example 7 of this 
application. 

10 In general, the lower limit for osmolality of the first aqueous component can be close to 
zero, as in the case where the biologically active agent is encapsulated without any 
osmotic excipients. This is especially true if the active agent is a high molecular weight 
protein or other macromolecule. On the other hand, the osmolality of the first aqueous 
component can be as high as about 1000 mOsm, or higher, without toxic effect because 

1 5 many of the excipients can pass out of the liposome during the process of manufacturing. 
Generally, however, the osmolality of the first aqueous component is in the range from 
about 5 mOsm to about 320 mOsm. 

The osmolality of the encapsulated aqueous component in the final liposomal product 
is generally isotonic to that of the suspending medium, the physiologically relevant 
20 aqueous environment in which the MVLs are stored (such as 0.9 wt% saline), or into 
which they are introduced (both in vitro and in vivo). However, the osmolality of the 
aqueous component in the final MVL product can also be hypertonic with respect to the 
physiologically relevant aqueous environment to provide an optimum decrease in the rate 
of release of the biologically active agent from the liposomes. Therefore, it is 



5 free drug 




XlOO 



«(1 -Lipocrit) x / Drug concentration exterior to the liposomes 
\ Drug concentration of liposome suspension 
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contemplated within the scope of this invention that the aqueous component in the MVL 
product can be hypotonic, isotonic or hypertonic with respect to the storage medium or 
the aqueous environment into which the biologically active agent is to be released. 

Since the osmolarity of normal saline is similar to that of human plasma and other in vivo 
5 environments, such as cerebrospinal fluid, synovial fluid, and subcutaneous and 
intramuscular spaces, saline can be used as a predictive model of MVL drug release in 
such environments. Because the preferred use of the MVLs of the invention is for in vivo 
injection or implantation into tissue or body cavities (for instance, as drug depots), they 
are usually stored in a medium such as normal saline, phosphate-buffered saline, or other 
1 0 osmotically similar medium. 



To assure sustained release in use and encapsulation efficiency during manufacture, the 
lipid component can comprise one or more amphipathic lipids having from about 13 to 
about 28 carbons, for example from about 18 to 22 carbons. This general rule holds 
whether the carbon chain of the amphipathic lipid is saturated, or whether it contains one 

15 or more double bonds. Generally, however, in selecting the lipids to be used in 
formulating a multivesicular liposome it should be kept in mind that it is possible to use 
an organic solvent with a lower boiling point when utilizing a lipid with a given number 
of carbons in the carbon chain, if the lipid contains at least one double bond in the carbon 
chain. . The beneficial effects upon encapsulation efficiency and sustained release of 

20 the biologically active agent to be obtained by utilizing such long chain amphipathic 
lipids during manufacture of MVLs is disclosed in copending U.S. Patent Application 
Serial No. 08/723,583, filed October 1, 1996, entitled "Method for Producing Liposomes 
With Increased Percent of Compound Encapsulated," which is incorporated herein in its 
entirety. 



25 A representative list of long chain amphipathic lipids useful in the practice of this 
invention follows. This list is illustrative and not intended to in any way limit the scope 



WO 99/12522 



PCMJS98/18738 



-20- 

of the invention. Also included are the abbreviations used to refer to the phospholipids 

in this application and in the scientific literature. 

DEPC or DC22:1PC = l,2-dierucoyl-5w-glycero-3-phosphocholine 

DOPC or DC18:1PC = l^-dioleoyl-5W-glycero-3«phosphocholine 
5 DLPC or DC12:0PC = l,2-dilauroyl-^-glycero-3-phosphocholine 

DMPC or DC14:0PC = l,2-dimyristoyl-w-glycero-3-phosphocholine 

DPPC or DC16:0PC= l,2-dipalmitoyl-5w-glycero-3-phosphocholine 

DSPC or DC18:0PC = l,2-distearoyl-5«-glycero-3-phosphocholine 

DAPC or DC20:0PC = l,2-diarachidoyl-^«-glycero-3-phosphocholine 
10 DBPC or DC22:0PC = 1 ,2-dibehenoy!^-glycerc-3 -phosphocholine 

DC16:1PC = 1,2- dipalmitoleoyl-sw-glycero-3-phosphocholine 

DC20:1PC = l,2-dieicosenoyl-5w-glycero-3 -phosphocholine 

DC22: IPC = 1 ,2-dierucoyl-5«-glycero-3-phosphocholine 

DPPG = l ? 2-dipalmitoyl-OT-glycero-3-phosphogiycerol 
1 5 DOPG = 1 ,2-dioleoyl-sw-glycero-3-phosphoglycerol 

The preferred amphipathic lipids for use in making the multivesicular liposomes of this 

invention are DOPC and DEPC, naturally occurring lipids. 

High loading formulations of IGF-I obtained by the method of this invention are 
particularly useful in the pharmaceutical industry for reducing the amount of liposome 

20 formulation that must be administered to a subject (e.g., intramuscularly or 
subcutaneously) to achieve a desired therapeutic concentration of drug in the blood 
stream. They are also useful for reducing the number of times the IGF-I must be 
administered to attain a sustained therapeutic level of drug in the patient. The upper 
useful limit on the amount of drug encapsulated into a given volume of liposome 

25 suspension may also be dictated by the lipocrit of the suspension. As one skilled in the 
art will appreciate, it may be difficult to inject a suspension containing liposomes if the 
lipocrit of the suspension is too high. For systemic administration, the dosage range of 
IGF-I in multivesicular liposomes appropriate for in vivo use in humans of this invention 
includes the range of about 0.01 mg/kg up to about 100 mg/kg of lean body mass, or 
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higher, depending on the therapeutic indication. For example, in treatment of diabetes 
or ALS, one would select the upper end of the dosage range. However, for local 
injection or delivery, the lower end of the systemic dosage range would be selected. 

Both the high load and low load formulations can be further diluted to obtain an 
5 injectable slow release depot formulation of any therapeutically effective total dosage by 
addition of suspending medium or any physiologically acceptable carrier. Common 
suitable carriers include aqueous or non-aqueous solutions, suspensions, and emulsions. 
Examples of non-aqueous solutions are propylene glycol, polyethylene glycol, vegetable 
oils, such as olive oil, and injectable organic esters such as ethyl oieate. Aqueous carriers 

10 include water, alcoholic-aqueous solutions, emulsions or suspensions, including saline 
and buffered media. Parenteral vehicles include sodium chloride solution, Ringer's 
dextrose, dextrose, and lactated Ringer f s solution. Intravenous vehicles include fluid and 
nutrient replenishes, electrolyte replenishes (such as those based on Ringer's dextrose), 
and the like. Preservatives and other additives may also be present, such as, 

15 antimicrobials, anti-oxidants, chelating agents, and inert gases (see, Remingtons 
Pharmaceutical Sciences, 16th Ed., A. Oslo, ed., Mack, Easton, PA. 1980). 

The compositions of IGF-I in MVL retain substantially full bioactivity and may be 
administered by any desired route; for example, intratumoral, intra-articular (into joints), 
intra-ocular, intramuscular, intrathecal, intraperitoneal, subcutaneous, intravenous, 

20 intralymphatic, oral and submucosal. The multivesicular liposomes may be modified 
using methods well known in the art by attaching thereto, either directly, or indirectly, 
such as by means of a excipient molecule or peptide, target-specific ligands, such as 
antibodies and other receptor specific protein ligands, in order to impart organ or cell 
target specificity (Malone, et al 9 Proc. Natl Acad Sci, U.S.A., 86:6077, 1989; 

25 Gregoriadis, Immunology Today, 1 1(3):89, 1990; both incorporated by reference). 

A series of experiments were conducted to show that the effect of osmolarity upon drug 
loading is inverse and is independent of other parameters used during the manufacturing 
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process, including the type of mixer used during formation of emulsions. High load 
formulations were obtained using first aqueous components containing concentrations 
of IGF-I ranging from 20 to 80 mg/mL of IGF-I and either with or without 25 mM citric 
acid. In addition, IGF-I formulations were made comparing the effects upon drug loading 
5 using a sugar (sucrose) or a non-sugar (glycylglycine) as the osmotic excipient. 
Comparison of the results of these tests in Tables 2 through 6 showed that the inverse 
relationship between osmolality and drug loading is not dependent upon the chemical 
character of any of the components that make up the first aqueous component, and that 
it depends only upon one parameter, the overall osmolality of the first aqueous 

1 0 component used during manufacture of the MVLs. In a -number of the formulations, the 
long-chain amphipathic lipid used to impart slow release properties of the formulations 
was switched from DEPC to DOPC without significant change of the trend of modulation 
of drug loading by altering osmolality. In addition, the MVL formulations were made 
in different batch sizes with different types of mixers to illustrate that the method of this 

1 5 invention is independent of such variables used during the process. 

The following examples illustrate the manner in which the invention can be practiced. 
It is understood, however, that the examples are for the purpose of illustration, and the 
invention is not to be regarded as limited to any of the specific materials or conditions 
therein. 
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Example 1 

Preparation of High Load IGF-I-containing Multivesicular Liposome 
Formulations 

A. A 0.5 mL scale preparation of MVLs, 

5 In all of the methods of making MVLs illustrated herein, in the first step, a 'water-in-oiP 
emulsion was prepared by mixing a lipid component with a first aqueous component. 
The lipid component contained 0.5-4 mL of 13.20 mM DOPC or DEPC, 19.88 mM 
cholesterol, 2.79 mM DPPG, and 2.44 mM triolein (Avant Polar Lipids Inc., Alabaster, 
/vl) in cnioroiOfin (opecifum cnenucai ivianuiaciuriiigA^urp., uaruena, wv) as solvent. 

10 In the present embodiment, a lipid component containing DEPC rather than DOPC was 
prepared. The first aqueous component contained 50 mg/mL of IGF-I and 0.25 0.5, 1 .0 
2.5 r 5.0 w/v% of sucrose as osmotic excipient. An emulsion of the lipid and first 
aqueous components was foimed by mixing 0.5 mL of the first aqueous component with 
0.5 mL of the first aqueous component with 0.5 mL of the lipid component using a 

15 Baxter vortexer at maximum speed (setting 10) for 6 min. To the resulting first 
emulsion, 2.5 mL of a solution containing 4 wt% glucose and 40 mM lysine (Spectrum 
Chemicals) was added, respectively. The resulting mixture was emulsified to form a 
second emulsion with the Baxter vortexer at maxium speed for 4 sec. The resulting 
second emulsion, a 'Svater-in-oil-in-water" double emulsion, was transferred for gentle 

20 swirling to a 250 mL erlenmeyer flask containing 10 mL of a solution of 4 percent by 
weight glucose and 40 mM lysine. To evaporate the organic solvent (chloroform) from 
the particles, nitrogen gas was passed over the second emusion at 37° C for 20 minutes 
with gentie shaking. The resulting multivesicular liposomes were washed twice with 50 
mL of normal saline by centrifugation at 600 x g on a bench top centrifuge, and then 

25 resuspended in 0.5-4 mL of normal saline. The estimated osmolarity (mOsm), percent 
yield and drug The remainder of the steps described in Example 1 were carried out to 
obtain MVLs containing IGF-I suspended in normal saline. The estimated osmolarity 
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(mOsm), percent yield, and drug loading of these formulations are shown in Table 2 
below; 



Table 2 



First Aqueous Component 


Final Liposome 
Suspension 


IGF-I 
(mg/mL) 


Sucrose 
(w/v%) 


Other 


Estimated 
Osmolarit 
y (mOsm) 


% Yield 


Drug 
Loading 
(mg/mL) 


20 


5.0 


lOOmM 
HC1 


347.0 


51.6 


37.7 


20 


2.5 


lOOmM 
HC1 


267.0 


47.5 


46.1 


50 


2.5 


lOOmM 
HC1 


271.0 


44.6 


45.7 


50 


0.0 


lOOmM 
HC1 


195.0 


53.4 


73.2 



When the encapsulated IGF-I was characterized as described in Example 3 herein, it was 
discovered that the protein was somewhat denatured. Further study shows that use of 
citric acid provides a more favorable chemical conditions for bioactivity of encapsulated 
IGF-I. 

15 B. A 4 mL scale preparation of MVLs 

A lipid component containing DOPC rather than DEPC was prepared as in Example 1 . 
The first aqueous component contained 20 mg/mL of IGF-I (Chiron Corp., Emeryville, 
CA) in 100 mM hydrochloric acid, and 2.5 or 5.0 w/v% of sucrose as osmotic excipient, 
or 50 mg/mL of IGF-I in 100 mM hydrochloric acid and 0 or 2.5 w/v% of sucrose as 
20 osmotic excipient The procedures of Example 1 were followed for obtaining the MVLs 
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containing IGF-I, except that 4 mL of the first aqueous component was mixed with 4 mL 
of the lipid component using a TK Autohomogeneizer K at a speed of 9,000 rpm for 8 
min to obtain the first emulsion. To the first emulsion, 1 mL of a solution containing 4 
wt% glucose and 40 mM lysine (Spectrum Chemicals) was added, respectively. The 
5 resulting mixture was emulsified to form a second emulsion with the TK 
Autohomogeneizer K at a speed of 4,000 rpm for 1 min. The estimated osmolarity 
(mOsm), percent yield, and drug loading of these formulations using a vortexer mixer 
and DEPC, a lipid having a 22 carbon chain, are shown in Table 3 below: 



Tabie3 



First Aqueous Component 


Final Liposome 
Suspension 


IGF-I 
(mg/mL) 


Sucrose 
(w/v%) 


Other 


Estimated 
Osmolarit 
y (mOsm) 


% Yield 


Drug 
Loading 
(mg/mL) 


50 


5.0 


0.0 


162.7 


57.0 


49.8 


50 


2.5 


0.0 


82.7 


62.4 


76.8 


50 


1.0 


0.0 


36.7 


54.9 


97.4 


50 


0.5 


0.0 


21.7 


66.0 


157.1 


50 


0.25 


0.0 


14.2 


67.0 


159.4 



Table 3 shows that the results obtained with the TK mixer procedure are similar to those 
obtained when a vortexer mixer is used to make the emulsions. When the encapsulated 
20 protein was obtained and characterized as described in Example 3 herein, an increased 
amount of IGF-I oligomers was found as compared with the formulations of Table 4 
wherein 25 mM citric acid was included in the first aqueous component. 

C. A3 mL scale preparation of encapsulated IGF-I* 
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A lipid component containing DEPC rather than DOPC was prepared as in Example 1 . 
The first aqueous component contained 30 mg/mL of IGF-I in 25 mM citric acid, and 0 
or 2.5 w/v% of sucrose as osmotic excipient, or 50 mg/mL of IGF-I in 25 mM citric acid, 
and 2.5, 1.0, 0.5 or 0 w/v% of sucrose, or 50 mg/mL of IGF-I without citric acid, and 0 
or 0.5 w/v% of sucrose. The procedures of Example 1 were followed for obtaining the 
MVLs containing IGF-I, except that 3 mL of the first aqueous component was mixed 
with 3 mL of the lipid component using an Omni Mixer ES at a speed of 1 0,000 rpm for 
12 min to obtain the first emulsion. To the first emulsion, 20mL of a solution containing 
4 wt% glucose and 40 mM lysine (Spectrum Chemicals) was added, respectively. The 
resulting mixture was emulsified to fonii a second emulsion with the Omni Mixer ES at 
a speed of 4,500 rpm for 2 min. The estimated osmolarity (mOsm), percent yield, and 
drug loading of these formulations are shown in Table 4 below: 
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Table4 



First Aqueous Component 


Final Liposome 
Suspension 


IGF-I 

(mg/mL) 


Sucrose 
(w/v%) 


Other 


Estimate 
d 

Osmolari 

<y 

(mOsm) 


% Yield 


Diue 
Loading 
(mg/mL) 


30 


2.5 


25 mM Citric 
Acid 


106.8 


69.2 


54.8 


30 


0.0 


25 mM Citric 
Acid 


30.8 


57.2 


132.2 














50 


0.5 


0.0 


21.7 


80.0 


171.4 


50 


0.0 


0.0 


6.7 


72.7 


267.5 














50 


2.5 


25 mM Citric 
Acid 


109.5 


60.3 


82.5 


50 


1.0 


25 mM Citric 
Acid 


63.5 


72.3 


138.2 


50 


0.5 


25 mM Citric 
Acid 


48.5 


71.5 


174.2 


50 


0.0 


25 mM Citric 
Acid 


33.5 


65.8 


175.7 



The results in Table 4 show a similar modulation of drug loading by osmolality for any 
of the drug concentrations tested. 
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Effect of substituting gfycylgfycine as the osmotic excipient 
A lipid component containing DEPC rather than DOPC was prepared as in Example 1. 
The first aqueous component contained 10 mg/mL of IGF-I in 25 mM citric acid, and 0, 
5 1.0 or 2.0 w/v% of glycylglycine as osmotic excipient The remainder of the steps 
described in Example 1 were carried out to obtain MVLs containing 1GF-1 suspended in 
normal saline. The estimated osmolality (mOsm), percent yield, and drug loading of 
these formulations are shown in Table 5 below. 



Table 5 



10 




First Aqueous Component 




Final Liposome 












Suspension 




IGF-I 


Glycylglyci 


Other 


Estimate 


% Yield 


Drug 




(mg/m 


ne (w/v%) 




d 




Loading 




L) 






Osmolari 

<y 

(mOsm) 




(mg/mL) 




10 


2.0 


25 mM Citric 
Acid 


180.1 


64.0 


10.4 


15 


10 


1.0 


25 mM Citric 
Acid 


104.1 


53.0 


13.0 




10 


0.0 


25 mM Citric 
Acid 


28.1 


41.7 


24.4 



A similar osmotic modulation of drug loading is shown for formulations using a 
non-sugar osmotic spacer, glycylglycine, in place of sucrose. Thus, the effect of 
osmolarity upon drug loading is shown by the data in Table 5 to be independent of the 
20 chemical structure of the osmotic excipient used. 



Comparison of different osmotic excipients at equal osmotic strength 
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MVLs were made in the method of Example 1 A containing IGF-I encapsulated with 
either 2.5 w/v% sucrose or 1.0 w/v% glycylglycine as osmotic excipients at 
approximately equal osmotic strength. For the comparison, 2.5 w/v% sucrose or 1.0 
w/v% glycylglycine as the osmotic excipient was introduced into the first aqueous 
5 component containing 80 mg/mL IGF-I and 25 mM citric acid. 

The procedures of Example 1 A were followed for obtaining the MVLs containing IGF-I, 
except that 3 mL of the first aqueous component was mixed with 3 mL of the lipid 
component using an Omni Mixer ES at a speed of 10,000 rpm for 12 min to obtain the 
first emulsion. To the first -emulsion* 20 mL of a solution containing 4 wt% glucose and 
1 0 40 mM lysine (Spectrum Chemicals) was added, respectively. The resulting mixture was 
emulsified to form a second emulsion with the Omni Mixer ES at a speed of 4,500 rpm 
for 2 min. 

To determine whether the effect upon drug loading is attributable solely to the osmolality 
of the first aqueous component, a third formulation was made as described above, except 

1 5 that the concentrations of the osmotic excipient and the IGF-I were both proportionately 
decreased (from 80 mg/mL IGF-I and 2.5% sucrose to 50 mg/mL IGF-I and 1.0% 
sucrose. In these formulations, the second aqueous component substituted 1.5% glycine 
and 40 mM lysine in place of the 4% glucose and 40mM lysine used in Example 1 . Table 
6 below compares the estimated osmolality, % Yield and Drug Loading in the final 

20 liposome suspension for these three formulations. 

A comparison of the estimated osmolality (mOsm), percent yield, and drug loading of 
these formulations are shown in Table 6 below: 
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Table6 



First Aqueous Component 


Final Liposome 
Suspension 


IGF-I 
(mg/m 
L) 


Osmotic 
spacer 
(w/v%) 


Other 


Estimate 
d 

Osmolari 

ty 

(mOsm) 


% 
Yield 


Drug 
Loading 
(mg/mL) 


80(A) 


2.5% Sucrose 


25 mM Citric 
Acid 


113.5 


85.9 


145.1 


80(B) 


1% 

Glycylglycine 


25 mM Citric 
Acid 


113.5 


77.4 


156.4 


50(C) 


1% Sucrose 


25 mM Citric 
Acid 


63.5 


75.7 


142.5 



10 The data in Table 6 show that for a given drug concentration, the osmolality of the 
osmotic excipient is the result effective variable because two different osmotic spacers 
at approximately equal osmotic strength but at unequal weight concentration produce a 
comparable effect upon drug loading. On the other hand, the drug concentration in the 
first aqueous component can also affect drug loading. 

1 5 The data in Tables 2-6 show that chug loading in a high load MVL-IGF-I formulation can 
be modulated by varying the osmolarity of the first aqueous solution used in making 
multivesicular liposomes, with decreasing of osmolarity resulting in increased drug 
loading. 
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Example 3 

Determination of Percent Encapsulation (or Percent Yield), Lipocrit, Percent Free 
Drug, particle Size Distribution, and Drug Loading in High Load Formulations of 
IGF-I 

5 Tables 2 through 4 show the estimated osmolality (mOsm), % Yield and Drug Loading 
(mg/mL) for the high load liposomal formulations described in Examples 1 and 2 above. 
Percent encapsulation (or percent yield) of drug was calculated as the percent ratio of the 
amount of drug in the final liposome suspension to the total amount of drug used in the 
first aqueous solution. Thus, 'percent yield of drag was calculated as the ratio of -the drug 
1 0 concentration in the final suspension times the volume of the final suspension to the drug 
concentration in the first aqueous solution times the volume of the first aqueous solution. 
Lipocrit was calculated, in analogy to hematocrit, as the percent ratio of the pellet 
volume to the suspension volume (see conditions below for obtaining the pellet volume). 

Percent free drug was calculated as the percent ratio of the amount of drug in the 
1 5 supernatant to the amount of drug in the final suspension. Percent free drug can also be 
calculated as the percent ratio of the drug concentration in the supernatant to that in the 
suspension, times (1 -lipocrit) Drug loading, which measures the amount of drug 
encapsulated in each unit of the encapsulated volume, is approximately equal to and can 
be estimated (assuming low percent free drug) as the ratio of the drug concentration of 
20 the final liposome suspension to the lipocrit. These variables were determined as more 
particularly described below. 

To calculate the lipocrit, about 50/zL of the multivesicular liposome suspension was 
taken up into a capillary tube, and end of the tube was sealed while ensuring that the 
suspension contained no air bubbles. The suspension was spun in a centrifuge at 600xg 
25 for 10 minutes to obtain a pellet layer and a supernatant layer. The lipocrit was 
calculated as the percent ratio of the length of the tube occupied by the pellet to that 
occupied by the suspension. 
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For use in determining the amount of free drug in a formulation, supernatant was 
obtained by centrifiiging about 0.2 mL of suspension for 3 min at 600xg in an Eppendorf 
centrifuge tube. The absorbance at 280 nm was then measured on a spectrophotometer 
(Hitachi U-2000). For centrifugation, 25-50 yiL of the supernatant was withdrawn and 
5 pipetted into a glass tube containing lmL of 3:1 v/v isopropyl alcohol:2N citric acid 
(Sigma Chemical), followed by rigorous mixing to obtain a clear solution. The 
absorbance at 275 nm was measured on a spectrophotometer (Hitachi U-2000). Using 
a reference absorbance standard established based on drug solutions of known 
concentration in the same dissolving solution, the concentrations of drug in the 
10 Suspension and supernatant were calculated. The range of free drug in the high load 
formulations was generally <2% (w/v). 

Particle size distribution and particle mean diameter were determined by the method of 
laser light diffraction using a LA-500 or LA-910 Particle Size Analyzer from Horiba Inc. 
(Irvine, CA). The volume-weighted mean particle diameter for all the formulations 
1 5 studied was generally in the range from about 6 to 1 8 ^m. 

Example 4 

In Vitro and In vivo Release of High Drug Loading, High Percent Yield IGF-I 

Formulations 

The physicochemical integrity of the encapsulated high load IGF-I was confirmed by 
20 SDS-PAGE assay using Novex NuPage gel as well as by RP-HPLC assay using a C18 
symmetric column. The encapsulated protein was extracted using 75:25 IPA:2N Citric 
Acid. The bioactivity of the encapsulated IGF-I was confirmed by a mitogenic bioassay 
using MG-63 cells and MTT stain according to the method of W. Lopaczynski et al 9 
Regulatory Peptides, 48:207-216, 1993. The MG-63 human osteosarcoma cell line was 
25 obtained from the American Type Culture Collection (ATCC# CRL 1427) and the dose 
dependent mitogenic response of quiescent MG-63 cells to added IGF-I was determined. 
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Bioactivity of extracted IGF-I was confirmed as approximately equivalent to that of an 
unencapsulated standard. 

In vitro Experiment : Briefly, an in vitro release experiment was set up and conducted 
as follows: a MVL suspension containing about 50 mg/mL of IGF-I was diluted 20-fold 
5 into human plasma containing 0.01% NaN 3 ; a 0.5 mL sample in screw-cap Eppendorf 
tube was used for each time-point, and samples were incubated under dynamic/rotating 
conditions at 37°C. Time-point samples were taken at various times and washed with 
0.9 mL of normal saline. Particle pellets were then obtained by centrifugation in a 
microfuge at 14 K rpm about 16,000g for 4 minutes and stored at -20°C until assayed by 
10 RP-HPLC using a CI 8 symmetric column. Figure 2 shows in vitro plasma release data 
obtained for the three representative IGF-I formulations listed in Table 5. These data 
indicate that a sustained release of IGF-I is achieved in all three formulations tested over 
a period of several days for high drug loading, high yield IGF-I formulations. 

In vivo Experiment : Male rats were injected subcutaneously with the three MVL 
1 5 formulations shown in Table 6 to obtain information about in vivo release characteristics. 
Each rat received a 10 mg dose of IGF-I, and each of the formulations tested was injected 
into 3 rats. Blood samples (0.2 mL) were collected from the tail vein of the rats and 
allowed to clot at time zero, and at 1, 3, 5 and 7 days post injection. Serum was then 
obtained by centrifugation, and stored at -70 °C prior to assay for IGF-I concentration 
20 using an IGF-I ELISA kit DSL-10-5600 (Diagnostic Systems Laboratories Inc., Webster, 
IX). 

Figure 3 shows the time course of the average serum IGF-I concentration of three rats 
that received the 10 mg IGF-I of Formulation A in Table 6. These data indicate that a 
sustained serum level of IGF-I can be achieved over a period of many days using the 
25 high drug loading, high yield IGF-I formulations of this invention. 
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Example S 

Preparation of Low Load IGF-I-Containine MVLs 

MVL containing a low loading of IGF-I were prepared by modification of the method 
of Example 1 A as follows: the aqueous component was an aqueous solution containing 
5 a concentration of IGF-I in the range from 9-16 mg/mL in 7% sucrose (w/v) 20mM 
ammonium citrate (pH 5). An aliquot of 3.5 mL of the aqueous component was 
emulsified at ambient temperature (23-28 °C) for 9 minutes at 9,000 rpm with an equal 
volume of a lipid component containing 13mM dioleoyl phosphatidylcholine, 2.8mM 
dipaimiioyi phosphatidyigiycerol, 19;9mlvl cholesterol, and 2.4mM tfipaimitoleih 

1 0 dissolved in water saturated cholesterol. After mixing, 28 mL of 4% glucose in 20mM 
lysine was added to the water-in-oil emulsion with the mixing blade at 1cm above the 
organic aqueous interface, and the contents mixed for 1 minute at 6,000 rpm. The 
resulting second emulsion as added to a 1 L baffled flask containing 42mL of 4% glucose 
in 20mM lysine. The mixture in the flask was sparged with 50 standard cubic feet per 

15 hour Nitrogen at 37 °C for 15 minutes to remove the chloroform. The multivesicular 
liposomes were then harvested by adding 4 times the post-sparge volume of 122mM 
Ammonium Citrate Dibasic (pH 5), and centrifuging for 10 minutes at 627g. After 
washing, the pellet was resuspended in an equal volume of 122mM Ammonium citrate 
Dibasic, at a lipocrit of about 40-50%. Encapsulation efficiency of IGF-I in the MVL 

20 was calculated at greater than 60%. The osmolality range that corresponds to 9-16 
mg/mL of IGF-I in 7% sucrose in 20 mM ammonium citrate dibasic is about 30 mOsm 
to about 290 mOsm. 
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Example 6 

Characterization of the Low Load IGF-I-Containine Formulations 

Particle Size . The size of the MVL particles was determined by using a Horiba model 
LA-500 laser light scattering particle size detector (Horiba Instruments, Inc. Irvine, CA.) 
5 Raw Data was collected using Horiba LA-500 software (Horiba Instruments, Inc. Irvine, 
CA.) Particle sizing was done by adding 10-15/^1 of MVL suspension to lOmL of 0.9% 
NaCl and measuring the volume-weighted distribution of size. The median particle size 
ranged from 12-18 microns. 

Lipocrit . Lipocrit was measured by adding 65/jL of MVL suspension to 
10 microhematocrit tubes and spinning the microhematocrit tubes (Fisher Scientific, 
Pittsburgh, PA) for 10 minutes at 630g. After spinning, the supernatant and pellet 
lengths were measured. The lipocrit was calculated As the percent ratio of the length 
of the tube occupied by the pellet to that occupied by the suspension. 

Microscopy . Liposome suspensions were observed pictorially under an Olympus (BH-2) 
15 microscope. The suspensions were diluted 3-fold with 0.9% Sodium chloride solution, 
prior to observation. The liposomes were essentially spherical and multivesicular. 

pH of encapsulated aqueous component The pH of the aqueous component encapsulated 
within the MVLs in the final formulation was estimated by washing the MVL pellet 
obtained by centrifugation with saline and then resuspending the pellet with HPLC grade 
20 water (Mallinckrodt-Baker, Paris, KY). Then the sample was frozen at -70 °C to fracture 
the vesicles, thereby releasing the encapsulated aqueous component from the MVL. The 
pH of the released aqueous component was measured in HPLC water and corrected for 
dilution by the HPLC water to obtain the estimated pH of the encapsulated aqueous 
component. 
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Example 7 

A 125 ml Scale Preparation of Encapsulated IGF-I 

A standard lipid component containing DEPC rather than DOPC was prepared as for 
other drug formulations. The first aqueous component contained 15 mg/mL IGF-I 
5 dissolved in either a 5% sucrose/20 mM ammonium citrate solution, or in a 8% 
sucrose/20 mM ammonium citrate solution. 125 mL of first aqueous solution was mixed 
with 125 mL of the lipid component using a high-shear double-mixing vessel system to 
obtain the first emulsion. This mixing system models the production scale process, and 
is used for scale-up of encapsulated drag formulations. The aqueous and organic 

10 components were mixed at a speed of 8000 rpm for 30 minutes in the first emulsion 
vessel. The first emulsion was then pumped at a rate of 1 67 mL/min into a fluid stream 
consisting of 0.04 N ammonium hydroxide in 1.5% glycine solution flowing at 2400 
mL/min, and blended using an in-line static mixer to obtain the second emulsion. The 
total flow rate through the static mixer was 2567 mL/min. At this rate, the first emulsion 

1 5 was depleted in 90 seconds. The second emulsion, upon entry into a receiving vessel was 
mixed with lysine solution, and then was immediately sparged with nitrogen to strip off 
the organic solvent. The estimated osmolality (mOsm), percent yield, drug loading, and 
% free-drug for these formulations are shown in Table 7 below. 
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Example 8 

Characterization of IGF-I in the Low Load MVL Formulations 

The IGF-I was extracted from the particles prior to the characterization of the 
encapsulated protein. The extraction procedure used was a modification of a procedure 

5 used for extraction of IGF-I from its plasma binding proteins, and was as follows: a 100 
uL sample of a test suspension was centrifuged for 10 minutes at 627g. Supernatants 
were aspirated from the particle fractions, and saved for analysis. Each particle fraction 
was then extracted using 87% Isopropanol 13% 2N hydrochloric acid solution. Extracted 
samples were incubated in an ice bath for 45 minutes, then neutralized with a 1M 

1 0 concentration solution of Tris/Hydrochloric acid at pH 9. 

Protein concentration was measured at 275nm on a Hitachi model U-2000 
spectrophotometer (Hitachi Scientific Instruments, Berkshire, UK). The protein 
concentration was calculated using the extinction coefficient of 0.62 for a protein 
solution containing 1 mg/ml IGF-I. The free IGF-I concentration was determined by the 
1 5 absorbance of a dilution of the stock IGF-I solution in lOOmM acetic acid. 

The encapsulated IGF-I was also characterized by RP-HPLC after extraction, and 
compared to the free IGF-I. RP-HPLC was carried out on a Hewlett-Packard model 1 090 
liquid chromatography system (Hewlett-Packard GmbH, Waldborn, Germany). The 
column used was a 150 x 3.9nm I.D. Waters Symmetry C 18 (Millipore, Milford, MA). 
20 Raw data was collected using Hewlett-Packard 3D Chemstation software (Hewlett- 
Packard GmbH, Waldborn, Germany). IGF-I was detected at both 214nm and 275nm, 

IGF-I was separated at a flow rate of 0.8 ml/min, using a linear solvent gradient, starting 
with 22 volume percent of solvent B and changing to 40 volume percent B over 1 1 
minutes. Solvent A was 10% acetonitrile/ 0.2% trifluoroacetic acid and buffer B was 
25 90% acetonitrile/0.2% trifluoroacetic acid (TFA). Separation was followed by a 4 
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minute isocratic elution with 100% solvent B, followed by a 9-minute equilibration at 
initial conditions. Separation was conducted at 45 degrees C. 

SDS-PAGE analyses of the IGF-I separated from MVL of the IGF-I were performed 
according to the manufacturer's instructions using Novex 1 8% Tris/glycine gels and the 
5 Novex Tris/Glycine buffer system. SDS PAGE gel analysis of MVL encapsulating IGF-I 
indicated an absence of oligomerization and showed that the integrity of the 
encapsulated protein was maintained. 

The bioactivity of the encapsulated IGF-I was confirmed by a mitogenie bioassay using 
MG-63 cells, a human osteosarcoma cell line, 3-(4,5-dimethylthiazol-2-yl)-2,5 

1 0 diphenyltetrazolium bromide (MTT) stain according to the method of W. Lopaczynski 
et al, Regulatory Peptides, 48:207-216, 1993. The MG-63 cell line was obtained from 
the American Type Culture Collection (ATCC# CRL 1427), and the dose dependent 
mitogenie response of quiescent MG-63 cells to added IGF-I was determined. Figure 
4 shows the bioactivity of a low load MVL formulation of IGF-I containing 5 mg IGF-I 

15 per mL of formulation as calculated against a standard of recombinant human IGF-I 
(Chiron Corporation) with bioactivity of 1.3 x 10 3 international units (IU)/mL. 
Recoveries in the mitogenie assay ranged from 90-1 10% of the control IGF-I. 

In-vitro studies . To estimate the rate of release in plasma of low load IGF-I from the 
low load multivesicular liposomes in vitro, blood bank human plasma (spiked with 

20 0.01% sodium azide) was incubated with MVL suspensions containing a five-fold 
dilution of the 5 mg/mL MVLs, as compared with a 20-fold dilution in the study of the 
high load formulation. 500uL aliquots were pipetted into 1.5mL screw cap tubes, with 
each tube representing one time point, and incubated at 37 °C under gently dynamic 
conditions. All in vitro release studies were set up in duplicate. At timepoints 1, 3, 5 

25 and 7 days after the start of incubation , 0.9 mL of 0.9% sodium chloride was added to 
one of the tubes. The tube was spun for 3 minutes at 14,269g in a microcentrifuge, and 
the supernatant and pellet was separated. The pellet was extracted with lmL acidified 
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isopropanol and 0.2 ml Tris as described above under extraction procedure. The 
extracted pellets were analyzed for IGF-I content by RP-HPLC. For the determination 
of the bioactivity of IGF-I released from the MVL particles, the suspension was 
incubated in saline at 37°C, and the IGF-I bioactivity was measured in both the 
5 supernatant and pellet fractions as described above. A graph of the in vitro release 
profile (Figure 5) shows that by 7 days 75-80% of encapsulated IGF-I is released in a 
sustained zero-order manner. 

In-vivo studies . The pharmacokinetic behavior of a low load MVL formulation 
containing IGF-I was compared to that of unencapsuiated IGF-I after subcutaneous 

10 injections (l° wer back) in rats. 20 mgflcg doses of either free IGF-I or a MVL 
formulation or IGF-I prepared from a stock solution of 5mg/ml IGF-I was injected into 
each rat, with 3 rats per group. Sera were collected at various times up to 8 days post 
injection, and assayed for IGF-I using an IGF-I ELISA kits (DSL-1 0-5600) (Diagnostic 
Systems Laboratories (DSL), Webster, Texas) according to the manufacturer's 

15 instructions. The pharmacokinetic parameters were calculated using the WinNonlin 
program (Scientific Consulting Inc.) and a non-compartmental model. A graph showing 
results of this study (Figure 6) indicates that the low load MVL formulation releases a 
therapeutic level of IGF-I over a 5-7 day period, while free IGF-I is cleared after about 
1 day. 

20 While presently preferred embodiments of the invention have been given for the purpose 
of disclosure, changes may be made therein which are within the spirit of the invention 
as defined by the scope of the appended claims. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1 . A multivesicular liposome containing insulin-like growth factor I (IGF-I) and 

having multiple non-concentric chambers with membranes distributed as a 
5 continuous network throughout made by a process comprising the steps of: 

(a) forming a water-in-oil emulsion from two immiscible 
components, the two immiscible components being (1) a lipid component 
comprising at least one organic solvent, at least one amphipathic lipid, and 
a neutral lipid lacking a hydrophilic head group, and (2) a first aqueous 
10 component comprising IGF-I in a concentration range from about 1 mg/mL 

to about 33 mg/mL; 

wherein the first aqueous component has an osmolarity in the range 
from about 160 mOsm to about 320 mOsm and a pH in the range from about 
1 to about 5; 

15 (b) dispersing the water-in-oil emulsion containing the IGF-I 

into a second aqueous component to form solvent spherules; and thereafter 
(c) removing the organic solvent from the solvent spherules to 
form the multivesicular liposomes suspended in the second aqueous 
component. 



20 2. The liposome of Claim 1 wherein the first aqueous component further 

comprises an osmotic excipient 

3. The liposome of Claim 2 wherein, the osmotic excipient is sucrose. 

4. The liposome of Claim 2 wherein, the osmotic excipient is glycylglycine. 

5. The liposome of Claim I wherein, the amphipathic lipid has from about 13 
25 to about 28 carbons in its carbon chain. 
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6. The liposome of Claim 1 wherein, the amphipathic lipid has from about 18 
to about 22 carbons in its carbon chain. 

7. Hie liposome of Claim 6 wherein, the amphipathic lipid is 1 ,2-dierucoyl-jn- 
glycero-3-phosphocholine 

5 8. The liposome of Claim 6 wherein, the amphipathic lipid is 

l,2-dioieoyl-sw-glycero-3-phosphocholine. 

9. The liposome of Claim 1 or 2, wherein the first aqueous component further 
comprises a pH adjusting agent. 

1 0. The liposome of Claim 9 wherein, the pH adjusting agent is citric acid. 

10 11. The liposome of Claim 9 wherein, the pH adjusting agent is ammonium 

citrate dibasic. 

1 2. The liposome according to Claim 1 wherein, the neutral lipid is selected from 

the group consisting of triolein, tricaprylin, squalene, and combinations 
thereof. 

15 13. The liposome according to Claim 1 wherein, the organic solvent is selected 

from the group consisting of ethers, hydrocarbons, halogenated hydrocarbons, 
halogenated ethers, esters, C0 2> NH 3 , Freons, and combinations thereof. 

14. A multivesicular liposome containing insulin-like growth factor 1 (IGF-I) and 

having multiple non-concentric chambers with membranes distributed as a 
20 continuous network throughout made by a process comprising the steps of: 

(a) forming a water-in-oil emulsion from two immiscible 
components, the two immiscible components being (1) a lipid 
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component comprising at least one organic solvent, at least one 
amphipathic lipid, and a neutral lipid lacking a hydrophilic head 
group, and (2) a first aqueous component comprising IGF-I in a 
concentration range from about 40 mg/mL to about 300 mg/mL; 
5 wherein of the first aqueous component has an osmolarity has 

an osmolarity in the range from about 5.0 mOsm to about 1 50 mOsm 
and a pH is in the range from about 2 to about 4.8; 

(b) dispersing the water-in-oil emulsion containing the 
IGF-I into a second aqueous component to form solvent spherules; 

10 and thereafter 

(c) removing the organic solvent from the solvent 
spherules to form the multivesicular liposomes suspended in the 
second aqueous component. 

15. The liposome of Claim 14 wherein the first aqueous component further 
1 5 comprises an osmotic excipient. 

1 6. The liposome of Claim 1 5 wherein, the osmotic excipient is sucrose. 

17. The liposome of Claim 15 wherein, the osmotic excipient is glycylglycine. 

18. The liposome of Claim 14 wherein, the amphipathic lipid has from about 13 
to about 28 carbons in its carbon chain, 

20 19. The liposome of Claim 14 wherein, the amphipathic lipid has from about 1 8 

to about 22 carbons in its carbon chain. 



20. 



The liposome of Claim 19 wherein, the amphipathic lipid is l,2-dierucoyl-s«- 
glycero-3-phosphocholine 
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21. The liposome of Claim 19 wherein, the amphipathic lipid is 
l,2-dioleoyl-sw-glycero-3-phosphocholine. 

22. The liposome of Claim 1 4 or 1 5 wherein, the first aqueous component further 
comprises a pH adjusting agent. 

5 23. The liposome of Claim 22 wherein, the pH adjusting agent is citric acid. 

24. The liposome according to Claim 14 wherein, the neutral lipid is selected 

from the group consisting -of triolein, tricaprylin, squalene, and combinations 
thereof. 



25. 

10 



The liposome according to Claim 13 wherein, the organic solvent is selected 
from the group consisting of ethers, hydrocarbons, halogenated hydrocarbons, 
halogenated ethers, esters, C0 2 , NH 3 , Freons, and combinations thereof. 
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26. A process for producing a composition containing a multivesicular liposome 
having multiple non-concentric chambers with membranes distributed as a 
continuous network throughout and having insulin-like growth factor I (IGF- 
I) encapsulated therein, the process comprising the steps of: 

(a) forming a water-in-oil emulsion from two immiscible 
components, the two immiscible components being (1) a lipid 
component comprising at least one organic solvent, at least one 
amphipathic lipid, and a neutral lipid lacking a hydrophilic head 
group, and (2) a first aqueous component comprising 

IGF-I in a concentration range from about 1 mg/'mL to about 33 
mg/mL and having an osmolarity in the range from about 1 60 mOsm 
to about 320 mOsm, and a pH in the range from about 1 to about 5; 

(b) dispersing the water-in-oil emulsion containing the 
biologically active agent into a second aqueous component to form 
solvent spherules; and thereafter 

(c) removing the organic solvent from the solvent 
spherules to form a multivesicular liposome suspended in the second 
aqueous component; 

wherein the osmolarity of the first aqueous component is selected to modulate 
loading of the IGF-I in the composition. 

27. The process of Claim 26 wherein the first aqueous component further 
comprises an osmotic excipient in a concentration selected to modulate the 
osmolarity, 

28. The process of Claim 26 wherein, the osmotic excipient is sucrose. 

29. The process of Claim 26 wherein, the osmotic excipient is giycylglycine. 
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30. The process of Claim 26 wherein the first aqueous component further 

comprises a pH adjusting agent in a concentration sufficient to solubilize the 
IGF-L 



3 1 . The process of Claim 30 wherein the pH adjusting agent is citric acid. 



5 32 . The process of Claim 30 wherein the pH adj usting agent is ammonium citrate 

dibasic. 

33. The process of Claim 26 wherein, the lipid component comprises at least one 

amphipathic lipid having from about 13 to about 28 carbons in its carbon 
chain. 



1 0 34. The process of Claim 26 wherein, the lipid component comprises at least one 

amphipathic lipid having from about 18 to about 22 carbons in its carbon 
chain. 



35. The process according to Claim 27, wherein, the osmotic excipient is selected 

from the group consisting of glycylglycine, glucose, sucrose, trehalose, 
15 succinate, cyclodextrin, arginine, galactose, mannose, maltose, mannitol, 

glycine, lysine, citrate, sorbitol, dextran, sodium chloride, and combinations 
thereof. 



36. The process according to Claim 35 wherein the osmotic excipient is sucrose 
or glyclyglycine. 

20 

37. The process according to Claim 26, wherein, the neutral lipid is selected from 
the group consisting of triolein, tricaprylin, squalene, and combinations 
thereof. 
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3o. The process according to Claim 26, wherein, the organic solvent is selected 

from the group consisting of ethers, hydrocarbons, halogenated hydrocarbons, 
halogenated ethers, esters, C0 2 , NH 3 , Freons, and combinations thereof. 



39. A process for producing a composition containing a multivesicular liposome 

5 having multiple non-concentric chambers with membranes distributed as a 

continuous network throughout and having insulin-like growth factor I (IGF- 
I) encapsulated therein, the process comprising the steps of: 

(a) forming a water-in-oil emulsion from two immiscible 
components, the two immiscible components being (I) a lipid 

10 component comprising at least one organic solvent, at least one 

amphipathic lipid, and a neutral lipid lacking a hydrophilic head 
group, and (2) a first aqueous component comprising 
IGF-I in a concentration range from about 40 mg/mL to about 300 
mg/mL and having an osmolality in the range from about 5.0 mOsm 

1 5 to about 150 mOsm, and a pH in the range from about 2 to about 4.8; 

(b) dispersing the water-in-oil emulsion containing the 
biologically active agent into a second aqueous component to form 
solvent spherules; and thereafter 

(c) removing the organic solvent from the solvent 
20 spherules to form the multivesicular liposomes suspended in the 

second aqueous component; 
wherein the osmolality of the first aqueous component is inversely 
proportional to the concentration of the IGF-I in the liposome. 



40. The process of Claim 39 wherein the first aqueous component further 

25 comprises an osmotic excipient in a concentration selected to modulate the 

osmolality. 



41. 



The process of Claim 40 wherein, the osmotic excipient is sucrose. 
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42. The process of Claim 40 wherein, the osmotic excipient is glycylglycine. 



43. The process of Claim 39 wherein the first aqueous component further 
comprises a pH adjusting agent. 

44. The process of Claim 43 wherein the pH adjusting agent is citric acid. 

5 45. The process of Claim 43 wherein the pH adjusting agent is ammonium citrate 

dibasic. 

46. The process of Claim 39 wherein, the lipid component comprises at least one 

amphipathic lipid having from about 13 to about 28 carbons in its carbon 
chain. 

10 47 . The process of Claim 3 9 wherein, the lipid component comprises at least one 

amphipathic lipid having from about 18 to about 22 carbons in its carbon 
chain. 



48. The process according to Claim 40, wherein, the osmotic excipient is selected 

from the group consisting of glycylglycine, glucose, sucrose, trehalose, 
15 succinate, cyclodextrin, arginine, galactose, mannose, maltose, mannitol, 

glycine, lysine, citrate, sorbitol, dextran, sodium chloride, and combinations 
thereof. 



49. 

20 



The process according to Claim 39, wherein, the neutral lipid is selected from 
the group consisting of triolein, tricaprylin, squalene, and combinations 
thereof. 
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50. The process according to Claim 39, wherein, the organic solvent is selected 
from the group consisting of ethers, hydrocarbons, halogenated hydrocarbons, 
halogenated ethers, esters, C0 2 , NH 3 , Freons, and combinations thereof. 

51. A composition comprising: 

5 a. a multivesicular liposome having multiple non-concentric chambers 

with membranes distributed as a continuous network throughout, said 
liposome comprising: 

an aqueous component comprising IGF-I; 
an amphipathic lipid containing from about IS to about 22 
1 0 carbons in the carbon chain; and 

a neutral lipid lacking a hydrophilic head group; and 
b. an aqueous medium in which the liposome is suspended; 
wherein the concentration of IGF-I in the composition is in the range from about 50 
mg/mL to about 80 rng/mL. 

15 52 . The composition of claim 5 1 , wherein no more than about 2 percent to about 

30 percent by weight of the IGF-I is in the suspending medium. 

53. The composition of claim 5 1 , wherein the concentration of the IGF-I in the 

composition is about 50 mg/mL and the pH of the encapsulated aqueous 
component is about 4.5. 

20 54. The composition of claim 51, wherein the bioactivity of the IGF-I is in the 

range from about 0.8 IU/mL x 10 3 to about 2.2 IU/mL x 10 3 . 



55. 



The composition of claim 51, wherein the pH of the aqueous suspending 
medium is in the range from about 3 to about 7. 
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56. The composition of claim 51, wherein the pH of the aqueous suspending 
medium is in the range from about 4 to about 6. 

57. Hie composition of claim 5 1 , wherein the amphipathic lipid is 1 ,2-dierucoyl- 
s/i-phosphocholine. 

5 58. The composition of claim 5 1 , wherein the amphipathic lipid is 1 ,2-dioleoyl- 

sn- phosphocholine. 

59, A pharmaceutical composition comprising the composition of claims 5 1 , 52, 
53, 54, 55, 56 or 57, wherein the suspending medium further comprises a 
physiologically acceptable carrier, and the total amount of the IGF-I in the 

1 0 composition is a therapeutically effective dosage. 

60. A method of evaluating the physical, chemical and biological properties of 
IGF-I contained in a preparation of multivesicular liposomes comprising 
extracting the IGF-I from the preparation using a composition comprising 
about 87% isopropanol and abut 13% 2N hydrochloric acid. 
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Figure 2: In vitro plasma release characteristics of IGF-I encapsulated in multivesicular 
liposomes. These three formulations correspond to those presented in Table 6E: (A) open 
diamond; (B) open triaglc; and (C) cross, with error bars representing S.D. The data 
indicate a sustained release of IGF-I, 
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Figure 3 In vivo, pharmacokinetics of multivesicular liposome encapsulated IGF-I 
(formulation A in Table 6E) after a subcutaneous injection of 10 mg dose into male rats. 
The data (mean of three rats) demonstrate a sustained release of IGF-I over a week 
period. 
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